First, consid e r th e b e nefit of ov e rlapping pow e r pistons on th e power strok e e .g., a 2 - stroke, 

6 oyl ongin e with a 9" piston strok e would simultan e ously hav e the 1st pi s ton 6" aft e r tdo, the 2nd 
piston 3" after tdo and th e 3rd piston igniting at tdo. Th e 6 pistons continuously oyol e through th e ir 
power strok e s in this s e qu e nc e . Th e pow e r add e d by th e 3rd piston is r e duced by th e combin e d 
r e maining pow e r of th e 1 s t and 2*** pistons r e sulting in fu e l savings and smooth power shaft rotation. 

Underlying Mathematics . 

Definitions: 

1 BTU = 778 ft Ibf 

1 hp = 550 ft Ibf/sec 

Inr* ~ l e ngth of 1 way clutch rim at conn e cting rod contact, (ft). 

here — cylind e r diamet e r, (in.) 

Cp - cylind e r pr e ssur e calculat e d from know bor e siz e , (psi) 

F — combustion forc e p e rpiston (lbf) 

F' e stimat e d combustion pr e ssur e p e r pi s ton. Us e d to find bor e size, (psi) 

Ff — fu e l flow rate (lbm/s e o.) 

hp — shaft hors e pow e r 

k = 2 or 4 (k = 2 for a 2 strok e , k - 4 for a 4- strok e .) 

fce — Pow e r loss e s (fraction of hp) 

b — numb e r of activ e pistons. 2, 4 ,6, 8 , ... 

n/k — number of ov e rlapping pistons cycling through th e pow e r strok e . 

Qe — fu e l' s e n e rgy d e nsity. (BTU/lbm). 

— 1 - way clutch radius at conn e cting rod contact, (ft) 

f — radius of cylind e r, (in) 

Rv — power shaft's rotation rate, (rpm) 

Sp — shaft pow e r + loss e s, (ft - lbf/s e c.) 

¥ — Torqu e p e r piston, (lbf ft) 

T total shaft torque, (lbf ft) 

¥p — piston's v e locity, (ft/s e c) 

Equations: 

— Vp - (?t)(r / )(Rv)/(30) Piston's sp ee d and th e 1-way clutch rim sp ee d ar e e qual at contact.. 

r' = 30(Vp)/rc(Rv) rVVpJRv ar e c e ntral to this e ngine's d e sign and op e ration.. 

Rv ~ 30(Vp)/nr / 
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F-=-l 6SOO(hp)(k)/7I(n)(Rv)(r , ) 

T ~ F(r') 

T' ~ nT/k 

F - ¥/[(nr t fy 

f * = F/(nF) 

bore ~ 2{¥/(n¥')f 

Cp ~ 4F/(7tborc 2 ) 

F ~ 7i F' (bo r c 2 ) 

Sp ~ 550hp(l+Lo) 

Fr ~ (Sp)/(77 8 Qc) 

Fr ~ (F)(n)(Vp)/[k(778Qe)] 

Exampl es that find preliminary information to any size e ngin e with a hand calculator. ( 8 00 psi is 
estimat e d wher e us e d.) 

Exampl e : 6 oylind e r, 2 stroke 700 hp. 

1. Lot: hp ~ 700; Vp - 15 ft/see; F = 8 00 psi; n = 6; k = 2; r' = .75 ft = 9 in. 

F ~ 2(700)(550)/6(15) = 8 556 lbf. 
— Rv ~ 30(15)/(.75ti) ~ 191 rpm 
— bore ~ 2( 8 556/ 8 0071)^ = 3.690 in. 
— T.- 8 556(.75)-64171bf ft 
— T - 6(61 17)/(2) ~ 19251 lbf ft. 

Exampl e : 6 cylind e r, 2 stroke, 1200 hp. 

2. Lot: hp ~ 1200; Vp - 22 ft/soc; n - 6; k = 2; r' - .75 ft. = 9 in. (Compar e results to 1.) 
F ~ 2(1200)(550)/[(6)(2)] - 10000 lbf. 

— Rv ~ 30(22)/(.75tc) = 2 8 0 rpm 
— bore ~ 3.690 in. (from example 1.) 

— Cp ~ 1(l0000)/[n(3.690 3 )] = 935 psi. (Compare to F = 8 00 psi in 1.) 
— T- 10000(.75)-75001bfft 
— T - 6(7500)/2. ~ 22500 lbf ft 

Example: 8 cylinder, 1 stroke (2 banks of 4 cyls. each) 1200 hp engine. Sec FIG 6. 

3. Lot: hp ~ 1200; ¥' - 8 00 psi; n - 8 ; k~ 1; Rv = 115 rpm; r' = 1.25 ft. (1 cyl. per 1 way clutch 
— r e quiring e ight 1 way olutoh e s. 50% ov e rlap.) 

— Vp ~ 1.25rc(115)/30 = 15.05 ft/seo. 
— F ~ 1(550)(1200)/[(8)(15.05)] - 21927 lbf. 
bore ~ 2(21927/ 8 00ti) , s = 5.907 in. (Compare to e xample 3.) 
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— T ~ 21927(1.25) - 27109 lbf ft. 
T- 8 (271 09)/1 - 51 8 18 lbf ft. 

Example: 1 cylinder, 1 stroke 200 hp automobile engine. Soc FIG 6. 

4 . Let: hp = 200; F = 8 00 psi; n = 1; k - 1; Vp = 15 ft/soo; r' = .5 ft. = 6 in. (2 cyl. per 1 way clutch 
requiring e ight 2 way clutch e s. No power strok e ov e rlap.) 

— F - 1(550)(200)/[(1)(15)] ~ 7333 lbf. 

Rv ~ 30(15)/(.5rc) = 2 8 6 rpm. 

— bore ~ 2(7333/800O' s - 3.1 16 in. 

T ~ 7333(.5) ~ 3667 lbf ft. 

T- 1(7333)/1 ~ 7333 lbf ft. 

Example: 8 cylinder, 2 stroke, 8 ,000 hp largo marine engine. 

5. Lot: hp ~ 8 000; F = 800 poi; n - 8 ; k - 2; Vp = 2 8 ft/sec; Rv - 120 rpm. (1 oyl-por 1 way 
clutch requiring eight 1 way clutches. 1 1" piston stroke. 75% power stroke overlap.) 

— F ~ 2(550)( 8 000)/[(8)(28)] = 39286 lbf. 

r* ~ 30(2 8 )/(1207r) - 2.22 8 ft. The transmitting units 8 9 (FIGs 7, 8 ) could bo oarriod by a short 

outer rac e 5 with a single spoke 35 to reduce in e rtia. 

— bore ~ 2[(39286/800n)]' * - 7.907 in. 
— T ~ 392 8 6(2.228) - 8 7529 lbf ft. 

— T ~ 8 (392 8 6)/2 = 157111 lbf ft. 

Next, comparing the number of cylinders in this smaller engine to the number of oylindors in an 
equal powered crank engine. 

1. For a 2 stroke engine with n oyls., lot n - 6 then n*/2 - 1 8 crank engine oyls. 

2. For a 1 stroke engine with n oyls., lot n - 8 (two banks of 1 pistons eaoh in FIG 6), 
— thea-ft */ 4 ~ 16 crank engine cyl s . 

Di s cussio n? 

A pair of combustion oylindors 33 and related pairs of parts that include a pair of 1 way clutches 

(FIGs 1 3) make tho basio 2 stroke engine in this invention. The olutoh's inner race 1 is keyed to the 
power shaft 8 . Tho outor race 5 carrios a sootor goar 12. Eaoh gear 12 engages an opposite sid e of 
idl e r 4 0 wher e by synchronous r e verse motion is transmitted b e tw e en the power piston 3 8 and th e 
sooond piston 3 8 in the pair as tho inner raoo 1 transmits the power to tho shaft 8. Moving parts that 
arc not shown with arrows 42 are presumed obvious. 

Combining two pairs with idler 10A creates a 4 stroke shown in FIG 6 that will bo describ e d 

later und e r Interchanging 4 stroke and 2 st feker 

FIG 2 shows a goar m e sh to transmit tho piston's power between piston rod 1 8 and tho out e r 

raoo 5 of tho 1 way clutch. Rod 1 8 reciprocates along a straight path 12. FIG 2 also shows a 
reciprocating starter 46 goar meshed with tho outer race 5. By shifting race 5, tho starter shifts both 
pistons 3 8 until ignition. Alternatively, shaft 13 can bo usod to shift tho pistons until ignition. Th e 4 
strok e version in FIG 6 needs one start e r 46 (not shown). 
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On e e nd of a V b e lt or a chain 9 is fast e n e d to th e out e r rac e 5 (FIGs 1 ,3). Th e way it is wrapped 

around rac e 5 always ke e ps it taut, which pr e v e nts backlash as it rotat e s rac e 5 in r e spons e to the 
power strok e . Rod 1 8 is conn e ct e d to th e oth e r e nd of th e b e lt or chain 9 with a suitabl e fast e ner 1 1 . 

Th e 1 way clutch's ov e rrid e f e atur e in this e ngin e allows output shaft 8 and th e clutch's inner 

race 4 to rotat e ind e p e nd e ntly of the pistons 3 8 wh e n th e inn e r rac e 's sp e ed is gr e at e r than th e outer 
race 5 spe e d. This featur e cr e at e s r e g e nerat e d e n e rgy is collection in an en e rgy storage d e vic e 26 
(FIG 5) availabl e , e .g. for dumping to shaft 8 on d e mand or g e n e rating e l e ctricity. 

Th e fix e d l e ngth torqu e arm 10 (FIGs 2,3) caus e s instant p e ak torqu e at th e b e ginning of th e 

pow e r s trok e . A conn e cting rod guid e 21, s e cur e d to housing 15, e liminat e s side thrust and r e duces 
wear by ke e ping th e piston 3 8 square in it s cylinder. Wrist pins and piston skirts ar e not n ee d e d. The 
guid e 21 i s combined with a d e c e l e rator m e chanism (FIG 4) to stop piston 3 8 at or n e ar top d e ad 
c e nt e r. The d e c e l e rator includ e s a node 19 that is part of e ach rod 1 8 in a pair and a spring 45 for 
e ach nod e . Th e spring is e ncas e d in th e guid e 21. An op e ning in th e housing 15 allows e asy 
r e plac e m e nt of th e spring. Th e spring absorbs th e impact of nod e 19 to halt th e motion of piston 3 8 , 
which is th e n acc e l e rat e d on its pow e r strok e by tim e ly e xpanding combustion gas e s. The impact is 
r e duc e d b e caus e nod e 19 is d e c e l e rating du e to the pow e r loss of th e pow e r piston to th e shaft 8. Th e 
d e c e l e rator is positioned to pr e v e nt backlash of th e g e ars 12 (FIGs 1,6) that m e sh with idl e r 40. 

A computer 7 (FIG 5) monitors input from the throttle 6 and shaft pow e r from th e s e nsor 22 on 

shaft 8 through l e ads 23 to d e t e rmin e th e siz e of th e combustion charg e (Fr = (Sp)/(77 8 )Qc)lbm/s e c) 
to transmit to th e cylind e rs through inj e ctor lin e s 24. Th e position of piston 38 is monitor e d through 
s e nsor s 22 on shaft 4 3 and used for ignition timing. By monitoring th e motion of e ach shaft 4 3 in 
se v e ral pair s , th e comput e r controls timing b e tw ee n th e unconn e cted pairs in a 2 - strok e e mbodim e nt. 
Th e comput e r b e gins a pow e r strok e with a piston in on e pair when a piston in anoth e r pair i s partly 
through its pow e r strok e . In a 2 strok e , 50% pow e r strok e ov e rlap and smooth rotation of th e shaft 8 
is had with two unconn e ct e d pair s (four cylind e rs). Great e r ov e rlap is gain e d with mor e pairs. 
Small Flyw heels ? 

Load chang e s on shaft 8 could d e or e as e F Ibf b e low what is ne e d e d for an e ffici e nt combustion 

pr e ssure. A small, suitabl e flywh ee l 48 is splin e d to th e e nd of shaft 43 (FIG 3) to bri e fly incr e ase 
chamb e r pr e ssur e for a mor e compl e t e combustion with d e cr e as e d e missions. Th e n, it disp e ns e s th e 
r e g e n e rat e d e n e rgy that it gains to mod e rat e th e sp ee d of the pistons 3 8 . A conv e ntional flywh e el can 
b e used but an alt e rnativ e compris e s thr ee conc e ntric parts. The inn e r part is splin e d to shaft 43. Th e 
out e r part e xt e nds to th e flywh ee l's rim. B e tw ee n th e m is a tough, slightly e lastic part that absorbs 
som e of th e initial ignition jolt. 
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First, consider the benefit of overlapping power pistons on the power stroke controlled by the 
engine computer 7 (FIG 5). For example, a 2-stroke. 6 cvl engine with a 9" piston stroke would 
have the 1 st piston 6" after tdc. the 2 nd piston 3" after tdc and the 3 rd piston igniting at tdc. The 6 
pistons continuously cycle through their power strokes in that sequence. The power added by the 3 rd 
piston is reduced by the combined remaining power of the 1 st and 2 nd pistons resulting in fuel 
savings and smooth power shaft rotation. 
Underlying Mathematics. 
Definitions 

1 BTU = 778 ft-lbf. 

1 hp = 550 ft-lbffsec. 

Inr 9 z. length of 1 -way clutch rim at connecting rod contact, (ft) 
bore - cylinder diameter, (in.) 

Cp - cylinder pressure calculated from known bore size, (psi) 

Dp - displacement, (cu.in.) 

E - engine efficiency. 

F - combustion force per piston, (lbf) 

F' - estimated combustion pressure per piston, (psi) Used to find the bore size, (in.) 
Fg - fuel flow rate, (gals/hr) 
Fr - fuel flow rate, (lbm/sec) 
Fw - fuel ' s weight, (lbm/gal. ) 
hp - shaft horsepower. 

k = 2 or 4 (k = 2 for a 2-stroke. k = 4 for a 4-stroke.) 
Lo - total efficiency - engine efficiency. (0.0 < Lo < 1.0) 
p - number of active pistons. 2.4.6.8. . . . 

o/k - number of overlapping pistons simultaneously cycling through the power stroke. 
Ps - length of piston's stroke, (in.) 
Oc - fuel's energy density. (BTU/lbm) 
r - radius of cylinder, (in) 

■ 

i* - 1-wav clutch radius at connecting rod contact, (ft) 
Rv - power shaft's rotation rate, (rpm) 
T - torque per piston, (lbf-ft) 
V - total shaft torque, (lbf-ft) 
Vp - piston velocity, (ft/sec) 

6 



Equations: 

Vp = 7t(r')(Rv)/(30) Piston rod's and the 1-wav clutch's rim speeds are equal at contact, 
r' = 30(VpV7r(Rv) r',Vp, Rv are central to this engine's design and operation. 
Rv = 30(Vv)f(nr') 



T 


= F(r') 


T' 


= nT/k 


F 


= ¥/\MA] 


r 2 


= ¥/(%¥') 



bore = 2fF/(jtF)l s 
F = 7tF(boreV4 

Cp = 4F/fabore 2 ) 

Dp = 7r(Ps¥n)(bore/2) 2 

Fr = 550hp/f778rOcKl-Lo)l 

Lo = 1 - 550hp/778(Oc)(Fr) 
E = l-Lo 

E = 550hp/778(Oc)(Frt 
Fg = Frf 3600V(Fw) 

The examples next are only to illustrate how the underlying mathematics can be used to 
find basic engine specifications. Input values are estimates- 
Examples: 

1. A 2 cylinder. 2-stroke. 45 hp engine- 
Let: hp = 20; k =2; n = 2: F = 575 psi: r' = .5 ft; F = 1 100 lbf: Ps = 4.5 in: 

Fw = 6 lb/gal; Oc = 20500; Lo = .35 
Vp = 10 ft/sec = S50(20V2V(2V110O> 

bore = 1.561 in. = 2(1 100/5757TY 5 Set bore size at most frequently used 20 hp. 

Rv = 191 rpm. = 30tt0)/(.5ii) Reduction gear may be required. 

Dp = 17.2 cu.in. = g(1.56l/2) 2 (4.5¥2) 

Fr = .001061074 lbm/sec. = 550(20V(778V20500V 1-.35) 

Fg = .6367 gals/hr. = .001061074(3600)76 
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T = 550 lbf-ffc= 1100(.5) 

Let: hp = 45; k =2; n = 2: F = 575 psi; r' = .5 ft: Vp = 15 ft/sec, 
bore = 1.561 in. = 2( 1 100/57571)-* bore size same as 20 hp. 
F = 1650 lbf. = 550(45)(2)/(2)(15) 

Rv = 286 rpm. = 30(15)/(.57t) Reduction gear probably required. 

Cp = 862 psi. = 4(1650)/tt(1.561 2 ) 

Fr = .002387418 Ibm/sec. = 550(45)/(778)(20500)(l-.35) 

Fg = 1.432 gals/hr. = . 002387418(3600)76 

T = 825 Ibf-ft. = 1650(.5) 
2. A 4 cylinder. 4-stroke 400 hp engine. 

Let: hp = 50: Vp = 14 ft/sec: F = 700 psi: n = 4: k = 4; r' = .75 ft = 9 in.; Ps = 5.0 in: 

Fw = 6 lb/eal; Qc = 20500; Lo = .35 
F = 1964 lbf. = 4(5Qy550V4(14) 

• Rv = 178 rpm = 30(14V(.75jr) 

bore = 1.890 in. = 2( 1 964/70071 V 5 Set bore size at most frequently used 50 hp- 
Dp = 56 cu.in. = 7t(1.890/2) 2 (5.0)(4) 
Fr = .002652686 Ibm/sec. = 550(50)/(778)(20500)(l-.35) 
Fg = 1.592 gals/hr. = .002652686(3600)76 
T = T f = 1473 Ibf-ft. = 1964(.75) 

Let: hp = 400; Vp = 27 ft/sec; F / = 800 psi; n = 4; k = 4; r' = .75 ft = 9 in. 
F = 8148 lbf. = 4(400)(550)/4(27) 
Rv = 344 rpm = 30(27)/(.75ti) 

bore = 1.890 in. bore size same as 50 hp. 

Cp = 2904 psi. = 4(8148)/7t(1.890 2 ) 

Fr = .02122149 Ibm/sec. = 550(400)/(778)(20500)(l-.35) 

Fg = 12.733 gals/hr. = . 02122149(3600)/6 

T = T = 6111 lbf-ft. = 8148(75) 

* If this engine were a 2-Stroke. there could be 50% power stroke overlap with both pairs active. 
At low power, a pair of pistons could be stopped without load on the engine. 
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3. A 6 cylinder. 2-stroke 1200 hp. engine- 
Let: hp = 700; Vp = 25 ft/sec: F = 800 psi; a = 6; k = 2: r' = .75 ft = 9 in; Ps = 6.0 in. 
F = 5133 lbf. = 2(700)(550)/6(25) 
Rv = 318 rpm = 30(25 W. 75n) 

bore = 2.858 in. = 2(5 133/80071 Y 5 Set bore size to most frequently used power. 
Dp = 231 cu.in. = 7t(2.858/2) 2 (6.0)(6) 
T = 3850 lbf-ft. = 5133(.75) 
T = 1150 lbf-ft. = 6(3850)/(2) 

Let: hp = 1200; Vp = 35 ft/sec; n = 6; k = 2; r' = .75 ft. = 9 in. 
F = 6285 lbf. = 2(1200V550Vr(6V35)1 
Rv = 446 rpm = 3Q(35V(.75tc) 

bore = 2.858 in. bore size same as 700 hp. 

Cp = 980 psi. = 4(6285 Vn(2. 85 8 2 ) 
T = 4714 lbf-ft. = 6285(.75) 
T' = 1414 lbf-ft. = 6(4714V2 

4. An 8 cylinder (2 banks of 4 cvls. each). 4-stroke. 1200 hp engine. 
Let: hp = 1200; F = 800 psi; n = 8; k - 4; Vp = 35 ft/sec; r 1 = 1.25 ft Ps = 6.0 in. 

1 cyl. per 1-wav clutch requiring eight 1-wav clutches. 50% overlap. 

Rv = 267 rpm = 30(35V(1.257t') 
F = 9429 lbf. = 4(550')(1200Vr(8')(35)1 
bore = 3.874 in. = 2(9429/8007iV 5 
Dp = 566 cu.in. = n(3 . 874/2^6 V8) 
T = 11786 lbf-ft. = 9429(1.25) 
T = 23573 lbf-ft. - 8(1 1786V4 

5. A large 8 cylinder. 2-stroke. 8.000 hp marine engine. 
Let: hp = 8000; F = 800 osi; n = 8; k = 2; Vp = 28 ft/sec; Rv = 100 rpm; Ps = 10 in; Lo = .35; 

Fw = 7.1 lbm/gal. (1 cvl./l-way clutch uses 8 1-wav clutches. 75% power stroke overlap.) 

F = 39286 lbf. = 2(550¥80OO)/r(8V28)T 

r* = 2.673 ft. = 30(28)/(1007t) Units 89 (FIGs 7.8) are carried bv a short rimmed outer race 5 
with a single spoke 35 to reduce inertia. 
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bore = 7,907 in, = 2r(392 86/8007t)T 5 Set bore size to most frequently used power. 
Dp = 3929 cu.in. = ti(7.907/2) 2 (10)(8) 

Fr = .457600229 Ibm/sec. = 550( 8000 Vf 778)0 90 14)(1 -.35) 

Fe = 232,02 gals/hr. = .457600229(3600)77.1 

T = 105011 Ibf-ft. - 39286(2.673) 

T = 420046 lbf-ft. = 8(10501 1)/2 

* Reset power by activating/deactivating piston pairs then vary power by varying the fuel charge. 
Discussion. 

A pair of combustion cylinders 33 and related pairs of parts that include a pair of 1-wav clutches 
(FIGs 1-3) make the basic 2-stroke engine in this invention. The clutch's inner race 4 is keyed to the 
power shaft 8. The outer race 5 carries a sector gear 12. Each gear 12 engages an opposite side of 
idler 40 whereby synchronous reverse motion is transmitted between the power piston 38 and the 
second piston 38 in the pair as the inner race 4 transmits the power to the shaft 8. Moving parts that 
are not shown with arrows 42 are presumed obvious. 

Combining two pairs with idler 40A creates a 4-stroke shown in FIG 6 that will be described 
later under Interchanging 4-stroke and 2-stroke. 

FIG 2 shows a gear mesh to transmit the piston's power between piston rod 18 and the outer 
race 5 of the 1-wav clutch. Rod 1 8 reciprocates along a straight path 42. FIG 2 also shows a 
reciprocating starter 46 gear meshed with the outer race 5. By shifting race 5. the starter shifts both 
pistons 38 until ignition. Alternatively, shaft 43 can be used to shift the pistons until ignition. The 
4-stroke version in FIG 6 needs one starter 46 (not shown). 

One end of a V-belt or a chain 9 is fastened to the outer race 5 (FIGs 1,3). The way it is wrapp ed 
around race 5 always keeps it taut, which prevents backlash as it rotates race 5 in response to the 
power stroke. Rod 18 is connected to the other end of the belt or chain 9 with a suitable fastener 41. 

The 1-wav clutch's override feature in this engine allows output shaft 8 and the clutch's inner 
race 4 to rotate independently of the pistons 38 when the inner race's speed is greater than the outer 
race 5 speed. This feature creates regenerated energy that is collected in an energy storage device 26 
(FIG 5) available, e.g. for dumping to shaft 8 on demand or generating electricity. 

The fixed length torque arm 10 (FIGs 2.3) causes instant peak torque at the beginning of the 
power stroke. A connecting rod guide 21. secured to housing 15. eliminates side thrust and reduces 
wear by keeping the piston 38 square in its cylinder. Wrist pins and piston skirts are not needed. The 
guide 21 is combined with a decelerator mechanism (FIG 4) to stop piston 38 at or near top dead 
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center. The decelerator includes a node 19 that is part of each rod 1 8 in a pair and a spring 45 for 
each node. The spring is encased in the guide 21. An opening in the housing 15 allows easy 
replacement of the spring. The spring absorbs the impact of node 19 to halt the motion of piston 38, 
which is then accelerated on its power stroke by timely expanding combustion gases. The impact is 
reduced because node 19 is decelerating due to the power loss of the power piston to the shaft 8. The 
decelerator is positioned to prevent backlash of the gears 12 (FIGs h6) that mesh with idler 40. 

A computer 7 (FIG 5) monitors input from the throttle 6 and shaft power from the sensor 22 on 
shaft 8 through leads 23 to determine the size of the combustion charge to transmit to the cylinders 
through injector lines 24. The position of piston 38 is monitored through sensors 22 on shaft 43 and 
used for ignition timing. By monitoring the motion of each shaft 43 in several pairs, the computer 
controls timing between the unconnected pairs in a 2-stroke embodiment. The computer begins a 
power stroke with a piston in one pair when a piston in another pair is partly through its power 
stroke. In a 2-stroke. 50% power stroke overlap and smooth rotation of the shaft 8 is had with two 
unconnected pairs (four cylinders). Greater overlap is gained with more pairs. 
Small Flywheels, 

A small suitable flywheel 48 is splined to the end of shaft 43 (FIG 3) to briefly increase 
chamber pressure for a more complete combustion with decreased emissions. Then, it dispenses the 
regenerated energy that it gains to moderate the speed of the pistons 38. A conventional flywheel can 
be used but an alternative comprises three concentric parts. The inner part is splined to shaft 43. The 
outer part extends to the flywheel's rim. Between them is a tough, slightly elastic part that absorbs 
some of the initial ignition jolt. 

An equivalent to the flywheel 48 (not shown) is to construct the inner race 4 with springs like 
the flywheel carried behind the engine of conventional vehicles. The inner race absorbs the ignition 
jolt. 



